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from transformation processes where a 

fluorinated GHG reactant is produced 

at another facility. 

(3) Each fluorinated gas destruction 

process that is not part of a fluorinated 

gas production process or a fluorinated 

gas transformation process and all 

such fluorinated gas destruction proc-

esses combined. 

(4) Venting of residual fluorinated 

GHGs from containers returned from 

the field. 

§ 98.123 Calculating GHG emissions. 
For fluorinated gas production and 

transformation processes, you must 

calculate the fluorinated GHG emis-

sions from each process using either 

the mass balance method specified in 

paragraph (b) of this section or the 

emission factor or emission calculation 

factor method specified in paragraphs 

(c), (d), and (e) of this section, as appro-

priate. For destruction processes that 

destroy fluorinated GHGs that were 

previously ‘‘produced’’ as defined at 

§ 98.410(b), you must calculate emis-

sions using the procedures in para-

graph (f) of this section. For venting of 

residual gas from containers (e.g., cyl-

inder heels), you must calculate emis-

sions using the procedures in para-

graph (g) of this section. 

(a) Default GWP value. In paragraphs 

(b)(1) and (c)(1) of this section and in 

§ 98.124(b)(8) and (c)(2), use a GWP of 

2,000 for fluorinated GHGs that do not 

have GWPs listed in Table A–1 to sub-

part A of this part, except as provided 

in paragraph § 98.123(c)(1)(vi). Do not re-

port CO2e emissions under § 98.3(c)(4) 

for fluorinated GHGs that do not have 

GWPs listed in Table A–1 to subpart A 

of this part. 

(b) Mass balance method. Before using 

the mass balance approach to estimate 

your fluorinated GHG emissions from a 

process, you must ensure that the proc-

ess and the equipment and methods 

used to measure it meet either the 

error limits described in this paragraph 

and calculated under paragraph (b)(1) 

of this section or the requirements 

specified in paragraph § 98.124(b)(8). If 

you choose to calculate the error lim-

its, you must estimate the absolute 

and relative errors associated with 

using the mass balance approach on 

that process using Equations L–1 

through L–4 of this section in conjunc-

tion with Equations L–5 through L–10 

of this section. You may use the mass- 

balance approach to estimate emis-

sions from the process if this calcula-

tion results in an absolute error of less 

than or equal to 3,000 metric tons CO2e 

per year or a relative error of less than 

or equal to 30 percent of the estimated 

CO2e fluorinated GHG emissions. If you 

do not meet either of the error limits 

or the requirements of paragraph 

§ 98.124(b)(8), you must use the emission 

factor approach detailed in paragraphs 

(c), (d), and (e) of this section to esti-

mate emissions from the process. 

(1) Error calculation. To perform the 

calculation, you must first calculate 

the absolute and relative errors associ-

ated with the quantities calculated 

using either Equations L–7 through L– 

10 of this section or Equation L–17 of 

this section. Alternatively, you may 

estimate these errors based on the var-

iability of previous process measure-

ments (e.g., the variability of measure-

ments of stream concentrations), pro-

vided these measurements are rep-

resentative of the current process and 

current measurement devices and tech-

niques. Once errors have been cal-

culated for the quantities in these 

equations, those errors must be used to 

calculate the errors in Equations L–6 

and L–5 of this section. You may ignore 

the errors associated with Equations 

L–11, L–12, and L–13 of this section. 

(i) Where the measured quantity is a 

mass, the error in the mass must be 

equated to the accuracy or precision 

(whichever is larger) of the flowmeter, 

scale, or combination of volumetric 

and density measurements at the flow 

rate or mass measured. 

(ii) Where the measured quantity is a 

concentration of a stream component, 

the error of the concentration must be 

equated to the accuracy or precision 

(whichever is larger) with which you 

estimate the mean concentration of 

that stream component, accounting for 

the variability of the process, the fre-

quency of the measurements, and the 

accuracy or precision (whichever is 

larger) of the analytical technique used 

to measure the concentration at the 

concentration measured. If the varia-

bility of process measurements is used 

to estimate the error, this variability 
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shall be assumed to account both for 

the variability of the process and the 

precision of the analytical technique. 

Use standard statistical techniques 

such as the student’s t distribution to 

estimate the error of the mean of the 

concentration measurements as a func-

tion of process variability and fre-

quency of measurement. 

(iii) Equation L–1 of this section pro-

vides the general formula for calcu-

lating the absolute errors of sums and 

differences where the sum, S, is the 

summation of variables measured, a, b, 

c, etc. (e.g., S = a + b + c): 

where: 

eSA = Absolute error of the sum, expressed as 

one half of a 95 percent confidence inter-

val. 

ea = Relative error of a, expressed as one half 

of a 95 percent confidence interval. 

eb = Relative error of b, expressed as one half 

of a 95 percent confidence interval. 

ec = Relative error of c, expressed as one half 

of a 95 percent confidence interval. 

(iv) Equation L–2 of this section pro-

vides the general formula for calcu-

lating the relative errors of sums and 

differences: 

where: 

eSR = Relative error of the sum, expressed as 

one half of a 95 percent confidence inter-

val. 

eSA = Absolute error of the sum, expressed as 

one half of a 95 percent confidence inter-

val. 

a+b+c = Sum of the variables measured. 

(v) Equation L–3 of this section pro-

vides the general formula for calcu-

lating the absolute errors of products 

(e.g., flow rates of GHGs calculated as 

the product of the flow rate of the 

stream and the concentration of the 

GHG in the stream), where the product, 

P, is the result of multiplying the vari-

ables measured, a, b, c, etc. (e.g., P = 

a*b*c): 

where: 

ePA = Absolute error of the product, ex-

pressed as one half of a 95 percent con-

fidence interval. 

ea = Relative error of a, expressed as one half 

of a 95 percent confidence interval. 

eb = Relative error of b, expressed as one half 

of a 95 percent confidence interval. 

ec = Relative error of c, expressed as one half 

of a 95 percent confidence interval. 

(vi) Equation L–4 of this section pro-

vides the general formula for calcu-

lating the relative errors of products: 
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where: 

ePR = Relative error of the product, expressed 

as one half of a 95 percent confidence in-

terval. 

ePA = Absolute error of the product, ex-

pressed as one half of a 95 percent con-

fidence interval. 

a*b*c = Product of the variables measured. 

(vii) Calculate the absolute error of 

the emissions estimate in terms of 

CO2e by performing a preliminary esti-

mate of the annual CO2e emissions of 

the process using the method in para-

graph (b)(1)(viii) of this section. Mul-

tiply this result by the relative error 

calculated for the mass of fluorine 

emitted from the process in Equation 

L–6 of this section. 

(viii) To estimate the annual CO2e 

emissions of the process for use in the 

error estimate, apply the methods set 

forth in paragraphs (b)(2) through (b)(7) 

and (b)(9) through (b)(16) of this section 

to representative process measure-

ments. If these process measurements 

represent less than one year of typical 

process activity, adjust the estimated 

emissions to account for one year of 

typical process activity. To estimate 

the terms FERd, FEP, and FEBk for use 

in the error estimate for Equations L– 

11, L–12, and L–13 of this section, you 

must either use emission testing, mon-

itoring of emitted streams, and/or engi-

neering calculations or assessments, or 

in the alternative assume that all fluo-

rine is emitted in the form of the 

fluorinated GHG that has the highest 

GWP among the fluorinated GHGs that 

occur in more than trace concentra-

tions in the process. To convert the 

fluorinated GHG emissions to CO2e, use 

Equation A–1 of § 98.2. For fluorinated 

GHGs whose GWPs are not listed in 

Table A–1 to subpart A of this part, use 

a default GWP of 2,000. 

(2) The total mass of each fluorinated 

GHG emitted annually from each 

fluorinated gas production and each 

fluorinated GHG transformation proc-

ess must be estimated by using Equa-

tion L–5 of this section. 

where: 

EFGHGf = Total mass of each fluorinated GHG 

f emitted annually from production or 

transformation process i (metric tons). 

ERp-FGHGf = Total mass of fluorinated GHG 

reactant f emitted from production proc-

ess i over the period p (metric tons, cal-

culated in Equation L–11 of this section). 

EPp-FGHGf = Total mass of the fluorinated GHG 

product f emitted from production proc-

ess i over the period p (metric tons, cal-

culated in Equation L–12 of this section). 

EBp-FGHGf = Total mass of fluorinated GHG by- 

product f emitted from production proc-

ess i over the period p (metric tons, cal-

culated in Equation L–13 of this section). 

n = Number of concentration and flow meas-

urement periods for the year. 

(3) The total mass of fluorine emitted 

from process i over the period p must 

be estimated at least monthly by cal-

culating the difference between the 

total mass of fluorine in the 

reactant(s) (or inputs, for processes 

that do not involve a chemical reac-

tion) and the total mass of fluorine in 

the product (or outputs, for processes 

that do not involve a chemical reac-

tion), accounting for the total mass of 

fluorine in any destroyed or recaptured 

streams that contain reactants, prod-

ucts, or by-products (or inputs or out-

puts). This calculation must be per-

formed using Equation L–6 of this sec-

tion. An element other than fluorine 

may be used in the mass-balance equa-

tion, provided the element occurs in all 

of the fluorinated GHGs fed into or 

generated by the process. In this case, 

the mass fractions of the element in 

the reactants, products, and by-prod-

ucts must be calculated as appropriate 

for that element. 
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where: 

EF = Total mass of fluorine emitted from 

process i over the period p (metric tons). 

Rd = Total mass of the fluorine-containing 

reactant d that is fed into process i over 

the period p (metric tons). 

P = Total mass of the fluorine-containing 

product produced by process i over the 

period p (metric tons). 

MFFRd = Mass fraction of fluorine in 

reactant d, calculated in Equation L–14 

of this section. 

MFFP = Mass fraction of fluorine in the prod-

uct, calculated in Equation L–15 of this 

section. 

FD = Total mass of fluorine in destroyed or 

recaptured streams from process i con-

taining fluorine-containing reactants, 

products, and by-products over the pe-

riod p, calculated in Equation L–7 of this 

section. 

v = Number of fluorine-containing reactants 

fed into process i. 

(4) The mass of total fluorine in de-

stroyed or recaptured streams con-

taining fluorine-containing reactants, 

products, and by-products must be esti-

mated at least monthly using Equation 

L–7 of this section unless you use the 

alternative approach provided in para-

graph (b)(15) of this section. 

where: 

FD = Total mass of fluorine in destroyed or 

recaptured streams from process i con-

taining fluorine-containing reactants, 

products, and by-products over the pe-

riod p. 

Pj = Mass of the fluorine-containing product 

removed from process i in stream j and 

destroyed over the period p (calculated in 

Equation L–8 or L–9 of this section). 

Bkj = Mass of fluorine-containing by-product 

k removed from process i in stream j and 

destroyed over the period p (calculated in 

Equation L–8 or L–9 of this section). 

Bkl = Mass of fluorine-containing by-product 

k removed from process i in stream l and 

recaptured over the period p. 

Rdj = Mass of fluorine-containing reactant d 

removed from process i in stream j and 

destroyed over the period p (calculated in 

Equation L–8 or L–9 of this section). 

MFFRd = Mass fraction of fluorine in 

reactant d, calculated in Equation L–14 

of this section. 

MFFP = Mass fraction of fluorine in the prod-

uct, calculated in Equation L–15 of this 

section. 

MFFBk = Mass fraction of fluorine in by- 

product k, calculated in Equation L–16 of 

this section. 

q = Number of streams destroyed in process 

i. 

x = Number of streams recaptured in process 

i. 

u = Number of fluorine-containing by-prod-

ucts generated in process i. 

v = Number of fluorine-containing reactants 

fed into process i. 

(5) The mass of each fluorinated GHG 

removed from process i in stream j and 

destroyed over the period p (i.e., Pj, Bkj, 

or Rdj, as applicable) must be estimated 

by applying the destruction efficiency 

of the device that has been dem-

onstrated for the fluorinated GHG f to 

fluorinated GHG f using Equation L–8 

of this section: 

where: MFGHGfj = Mass of fluorinated GHG f removed 

from process i in stream j and destroyed 
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over the period p. (This may be Pj, Bkj, or 

Rdj, as applicable.) 

DEFGHGf = Destruction efficiency of the de-

vice that has been demonstrated for 

fluorinated GHG f in stream j (fraction). 

CFGHGfj = Concentration (mass fraction) of 

fluorinated GHG f in stream j removed 

from process i and fed into the destruc-

tion device over the period p. If this con-

centration is only a trace concentration, 

cF–GHGfj is equal to zero. 

Sj = Mass removed in stream j from process 

i and fed into the destruction device over 

the period p (metric tons). 

(6) The mass of each fluorine-con-

taining compound that is not a 

fluorinated GHG and that is removed 

from process i in stream j and de-

stroyed over the period p (i.e., Pj, Bkj, 

or Rdj, as applicable) must be estimated 

using Equation L–9 of this section. 

where: 

MFCgj = Mass of non-GHG fluorine-containing 

compound g removed from process i in 

stream j and destroyed over the period p. 

(This may be Pj, Bkj, or Rdj, as applicable). 

cFCgj = Concentration (mass fraction) of non- 

GHG fluorine-containing compound g in 

stream j removed from process i and fed 

into the destruction device over the pe-

riod p. If this concentration is only a 

trace concentration, cFCgj is equal to zero. 

Sj = Mass removed in stream j from process 

i and fed into the destruction device over 

the period p (metric tons). 

(7) The mass of fluorine-containing 

by-product k removed from process i in 

stream l and recaptured over the period 

p must be estimated using Equation L– 

10 of this section: 

where: 

Bkl = Mass of fluorine-containing by-product 

k removed from process i in stream l and 

recaptured over the period p (metric 

tons). 

cBkl = Concentration (mass fraction) of fluo-

rine-containing by-product k in stream l 

removed from process i and recaptured 

over the period p. If this concentration is 

only a trace concentration, cBkl is equal 

to zero. 

Sl = Mass removed in stream l from process 

i and recaptured over the period p (met-

ric tons). 

(8) To estimate the terms FERd, FEP, 

and FEBk for Equations L–11, L–12, and 

L–13 of this section, you must assume 

that the total mass of fluorine emitted, 

EF, estimated in Equation L–6 of this 

section, occurs in the form of the 

fluorinated GHG that has the highest 

GWP among the fluorinated GHGs that 

occur in more than trace concentra-

tions in the process unless you possess 

emission characterization measure-

ments showing otherwise. These emis-

sion characterization measurements 

must meet the requirements in para-

graph (8)(i), (ii), or (iii) of this section, 

as appropriate. The sum of the terms 

must equal 1. You must document the 

data and calculations that are used to 

speciate individual compounds and to 

estimate FERd, FEP, and FEBk. Ex-

clude from your calculations the fluo-

rine included in FD. For example, ex-

clude fluorine-containing compounds 

that are not fluorinated GHGs and that 

result from the destruction of 

fluorinated GHGs by any destruction 

devices (e.g., the mass of HF created by 

combustion of an HFC). However, in-

clude emissions of fluorinated GHGs 

that survive the destruction process. 

(i) If the calculations under para-

graph (b)(1)(viii) of this section, or any 

subsequent measurements and calcula-

tions under this subpart, indicate that 

the process emits 25,000 metric tons 

CO2e or more, estimate the emissions 

from each process vent, considering 

controls, using the methods in 

§ 98.123(c)(1). You must characterize the 

emissions of any process vent that 
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emits 25,000 metric tons CO2e or more 

as specified in § 98.124(b)(4). 

(ii) For other vents, including vents 

from processes that emit less than 

25,000 metric tons CO2e, you must char-

acterize emissions as specified in 

§ 98.124(b)(5). 

(iii) For fluorine emissions that are 

not accounted for by vent estimates, 

you must characterize emissions as 

specified in § 98.124(b)(6). 

(9) The total mass of fluorine-con-

taining reactant d emitted must be es-

timated at least monthly based on the 

total fluorine emitted and the fraction 

that consists of fluorine-containing 

reactants using Equation L–11 of this 

section. If the fluorine-containing 

reactant d is a non-GHG, you may as-

sume that FERd is zero. 

where: 

ER-ip = Total mass of fluorine-containing 

reactant d that is emitted from process i 

over the period p (metric tons). 

FERd = The fraction of the mass emitted 

that consists of the fluorine-containing 

reactant d. 

EF = Total mass of fluorine emissions from 

process i over the period p (metric tons), 

calculated in Equation L–6 of this sec-

tion. 

FEP = The fraction of the mass emitted that 

consists of the fluorine-containing prod-

uct. 

FEBk = The fraction of the mass emitted 

that consists of fluorine-containing by- 

product k. 

MFFRd = Mass fraction of fluorine in 

reactant d, calculated in Equation L–14 

of this section. 

MFFP = Mass fraction of fluorine in the prod-

uct, calculated in Equation L–15 of this 

section. 

MFFBk = Mass fraction of fluorine in by- 

product k, calculation in Equation L–16 

of this section. 

u = Number of fluorine-containing by-prod-

ucts generated in process i. 

v = Number of fluorine-containing reactants 

fed into process i. 

(10) The total mass of fluorine-con-

taining product emitted must be esti-

mated at least monthly based on the 

total fluorine emitted and the fraction 

that consists of fluorine-containing 

products using Equation L–12 of this 

section. If the fluorine-containing 

product is a non-GHG, you may assume 

that FEP is zero. 

where: 

EP-ip = Total mass of fluorine-containing 

product emitted from process i over the 

period p (metric tons). 

FEP = The fraction of the mass emitted that 

consists of the fluorine-containing prod-

uct. 

EF = Total mass of fluorine emissions from 

process i over the period p (metric tons), 

calculated in Equation L–6 of this sec-

tion. 

FERd = The fraction of the mass emitted 

that consists of fluorine-containing 

reactant d. 

FEBk = The fraction of the mass emitted 

that consists of fluorine-containing by- 

product k. 

MFFRd = Mass fraction of fluorine in 

reactant d, calculated in Equation L–14 

of this section. 

MFFP = Mass fraction of fluorine in the prod-

uct, calculated in Equation L–15 of this 

section. 
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MFFBk = Mass fraction of fluorine in by- 

product k, calculation in Equation L–16 

of this section. 

u = Number of fluorine-containing by-prod-

ucts generated in process i. 

v = Number of fluorine-containing reactants 

fed into process i. 

(11) The total mass of fluorine-con-

taining by-product k emitted must be 

estimated at least monthly based on 

the total fluorine emitted and the frac-

tion that consists of fluorine-con-

taining by-products using Equation L– 

13 of this section. If fluorine-containing 

by-product k is a non-GHG, you may 

assume that FEBk is zero. 

where: 

EBk-ip = Total mass of fluorine-containing by- 

product k emitted from process i over 

the period p (metric tons). 

FEBk = The fraction of the mass emitted 

that consists of fluorine-containing by- 

product k. 

FERd = The fraction of the mass emitted 

that consists of fluorine-containing 

reactant d. 

FEP = The fraction of the mass emitted that 

consists of the fluorine-containing prod-

uct. 

EF = Total mass of fluorine emissions from 

process i over the period p (metric tons), 

calculated in Equation L–6 of this sec-

tion. 

MFFRd = Mass fraction of fluorine in 

reactant d, calculated in Equation L–14 

of this section. 

MFFP = Mass fraction of fluorine in the prod-

uct, calculated in Equation L–15 of this 

section. 

MFFBk = Mass fraction of fluorine in by- 

product k, calculation in Equation L–16 

of this section. 

u = Number of fluorine-containing by-prod-

ucts generated in process i. 

v = Number of fluorine-containing reactants 

fed into process i. 

(12) The mass fraction of fluorine in 

reactant d must be estimated using 

Equation L–14 of this section: 

where: 

MFFRd = Mass fraction of fluorine in 

reactant d (fraction). 

MFRd = Moles fluorine per mole of reactant 

d. 

AWF = Atomic weight of fluorine. 

MWRd = Molecular weight of reactant d. 

(13) The mass fraction of fluorine in 

the product must be estimated using 

Equation L–15 of this section: 

where: 

MFFP = Mass fraction of fluorine in the prod-

uct (fraction). 

MFP = Moles fluorine per mole of product. 

AWF = Atomic weight of fluorine. 

MWP = Molecular weight of the product pro-

duced. 

(14) The mass fraction of fluorine in 

by-product k must be estimated using 

Equation L–16 of this section: 
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where: 

MFFBk = Mass fraction of fluorine in the 

product (fraction). 

MFBk = Moles fluorine per mole of by-product 

k. 

AWF = Atomic weight of fluorine. 

MWBk = Molecular weight of by-product k. 

(15) Alternative for determining the 
mass of fluorine destroyed or recaptured. 
As an alternative to using Equation L– 

7 of this section as provided in para-

graph (b)(4) of this section, you may es-

timate at least monthly the total mass 

of fluorine in destroyed or recaptured 

streams containing fluorine-containing 

compounds (including all fluorine-con-

taining reactants, products, and by-

products) using Equation L–17 of this 

section. 

where: 

FD = Total mass of fluorine in destroyed or 

recaptured streams from process i con-

taining fluorine-containing reactants, 

products, and by-products over the pe-

riod p. 

DEavgj = Weighted average destruction effi-

ciency of the destruction device for the 

fluorine-containing compounds identified 

in destroyed stream j under 

§ 98.124(b)(4)(ii) and (5)(ii) (calculated in 

Equation L–18 of this section)(fraction). 

cTFj = Concentration (mass fraction) of total 

fluorine in stream j removed from proc-

ess i and fed into the destruction device 

over the period p. If this concentration is 

only a trace concentration, cTFj is equal 

to zero. 

Sj = Mass removed in stream j from process 

i and fed into the destruction device over 

the period p (metric tons). 

cTFl = Concentration (mass fraction) of total 

fluorine in stream l removed from proc-

ess i and recaptured over the period p. If 

this concentration is only a trace con-

centration, cBkl is equal to zero. 

Sl = Mass removed in stream l from process 

i and recaptured over the period p. 

q = Number of streams destroyed in process 

i. 

x = Number of streams recaptured in process 

i. 

(16) Weighted average destruction effi-
ciency. For purposes of Equation L–17 

of this section, calculate the weighted 

average destruction efficiency applica-

ble to a destroyed stream using Equa-

tion L–18 of this section. 

where: 

DEavgj = Weighted average destruction effi-

ciency of the destruction device for the 

fluorine-containing compounds identified 

in destroyed stream j under 

98.124(b)(4)(ii) or (b)(5)(ii), as appropriate. 

DEFGHGf = Destruction efficiency of the de-

vice that has been demonstrated for 

fluorinated GHG f in stream j (fraction). 

cFGHGfj = Concentration (mass fraction) of 

fluorinated GHG f in stream j removed 
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from process i and fed into the destruc-

tion device over the period p. If this con-

centration is only a trace concentration, 

cF–GHGfj is equal to zero. 

cFCgj = Concentration (mass fraction) of non- 

GHG fluorine-containing compound g in 

stream j removed from process i and fed 

into the destruction device over the pe-

riod p. If this concentration is only a 

trace concentration, cFCgj is equal to zero. 

Sj = Mass removed in stream j from process 

i and fed into the destruction device over 

the period p (metric tons). 

MFFFGHGf = Mass fraction of fluorine in 

fluorinated GHG f, calculated in Equa-

tion L–14, L–15, or L–16 of this section, as 

appropriate. 

MFFFCg = Mass fraction of fluorine in non- 

GHG fluorine-containing compound g, 

calculated in Equation L–14, L–15, or L–16 

of this section, as appropriate. 

w = Number of fluorinated GHGs in de-

stroyed stream j. 

y = Number of non-GHG fluorine-containing 

compounds in destroyed stream j. 

(c) Emission factor and emission cal-
culation factor methods. To use the 

method in this paragraph for batch 

processes, you must comply with either 

paragraph (c)(3) of this section (Emis-

sion Factor approach) or paragraph 

(c)(4) of this section (Emission Calcula-

tion Factor approach). To use the 

method in this paragraph for contin-

uous processes, you must first make a 

preliminary estimate of the emissions 

from each individual continuous proc-

ess vent under paragraph (c)(1) of this 

section. If your continuous process op-

erates under different conditions as 

part of normal operations, you must 

also define the different operating sce-

narios and make a preliminary esti-

mate of the emissions from the vent for 

each operating scenario. Then, com-

pare the preliminary estimate for each 

continuous process vent (summed 

across operating scenarios) to the cri-

teria in paragraph (c)(2) of this section 

to determine whether the process vent 

meets the criteria for using the emis-

sion factor method described in para-

graph (c)(3) of this section or whether 

the process vent meets the criteria for 

using the emission calculation factor 

method described in paragraph (c)(4) of 

this section. For continuous process 

vents that meet the criteria for using 

the emission factor method described 

in paragraph (c)(3) of this section and 

that have more than one operating sce-

nario, compare the preliminary esti-

mate for each operating scenario to the 

criteria in (c)(3)(ii) to determine 

whether an emission factor must be de-

veloped for that operating scenario. 

(1) Preliminary estimate of emissions by 
process vent. You must estimate the an-

nual CO2e emissions of fluorinated 

GHGs for each process vent within each 

operating scenario of a continuous 

process using the approaches specified 

in paragraph (c)(1)(i) or (c)(1)(ii) of this 

section, accounting for any destruction 

as specified in paragraph (c)(1)(iii) of 

this section. You must determine emis-

sions of fluorinated GHGs by process 

vent by using measurements, by using 

calculations based on chemical engi-

neering principles and chemical prop-

erty data, or by conducting an engi-

neering assessment. You may use pre-

vious measurements, calculations, and 

assessments if they represent current 

process operating conditions or process 

operating conditions that would result 

in higher fluorinated GHG emissions 

than the current operating conditions 

and if they were performed in accord-

ance with paragraphs (c)(1)(i), (c)(1)(ii), 

and (c)(1)(iii) of this section, as appli-

cable. You must document all data, as-

sumptions, and procedures used in the 

calculations or engineering assessment 

and keep a record of the emissions de-

termination as required by § 98.127(a). 

(i) Engineering calculations. For proc-

ess vent emission calculations, you 

may use any of paragraphs (c)(1)(i)(A), 

(c)(1)(i)(B), or (c)(1)(i)(C) of this sec-

tion. 

(A) U.S. Environmental Protection 

Agency, Emission Inventory Improve-

ment Program, Volume II: Chapter 16, 

Methods for Estimating Air Emissions 

from Chemical Manufacturing Facili-

ties, August 2007, Final (incorporated 

by reference, see § 98.7). 

(B) You may determine the 

fluorinated GHG emissions from any 

process vent within the process using 

the procedures specified in 

§ 63.1257(d)(2)(i) and (d)(3)(i)(B) of this 

chapter, except as specified in para-

graphs (c)(1)(i)(B)(1) through 

(c)(1)(i)(B)(4) of this section. For the 

purposes of this subpart, use of the 

term ‘‘HAP’’ in § 63.1257(d)(2)(i) and 

(d)(3)(i)(B) of this chapter means 

‘‘fluorinated GHG’’. 
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(1) To calculate emissions caused by 

the heating of a vessel without a proc-

ess condenser to a temperature lower 

than the boiling point, you must use 

the procedures in § 63.1257(d)(2)(i)(C)(3) 

of this chapter. 

(2) To calculate emissions from de-

pressurization of a vessel without a 

process condenser, you must use the 

procedures in § 63.1257(d)(2)(i)(D)(10) of 

this chapter. 

(3) To calculate emissions from vacu-

um systems, the terms used in Equa-

tion 33 to § 63.1257(d)(2)(i)(E) of this 

chapter are defined as follows: 

(i) Psystem = Absolute pressure of the 

receiving vessel. 

(ii) Pi= Partial pressure of the 

fluorinated GHG determined at the exit 

temperature and exit pressure condi-

tions of the condenser or at the condi-

tions of the dedicated receiver. 

(iii) Pj= Partial pressure of 

condensables (including fluorinated 

GHG) determined at the exit tempera-

ture and exit pressure conditions of the 

condenser or at the conditions of the 

dedicated receiver. 

(iv) MWFluorinated GHG= Molecular weight 

of the fluorinated GHG determined at 

the exit temperature and exit pressure 

conditions of the condenser or at the 

conditions of the dedicated receiver. 

(4) To calculate emissions when a 

vessel is equipped with a process con-

denser or a control condenser, you 

must use the procedures in 

§ 63.1257(d)(3)(i)(B) of this chapter, ex-

cept as follows: 

(i) You must determine the flowrate 

of gas (or volume of gas), partial pres-

sures of condensables, temperature (T), 

and fluorinated GHG molecular weight 

(MWFluorinated GHG) at the exit tempera-

ture and exit pressure conditions of the 

condenser or at the conditions of the 

dedicated receiver. 

(ii) You must assume that all of the 

components contained in the condenser 

exit vent stream are in equilibrium 

with the same components in the exit 

condensate stream (except for 

noncondensables). 

(iii) You must perform a material bal-

ance for each component, if the con-

densate receiver composition is not 

known. 

(iv) For the emissions from gas evo-

lution, the term for time, t, must be 

used in Equation 12 to 

§ 63.1257(d)(2)(i)(B) of this chapter. 

(v) Emissions from empty vessel 

purging must be calculated using Equa-

tion 36 to § 63.1257(d)(2)(i)(H) of this 

chapter and the exit temperature and 

exit pressure conditions of the con-

denser or the conditions of the dedi-

cated receiver. 

(C) Commercial software products 

that follow chemical engineering prin-

ciples (e.g., including the calculation 

methodologies in paragraphs 

(c)(1)(i)(A) and (c)(1)(i)(B) of this sec-

tion). 

(ii) Engineering assessments. For proc-

ess vent emissions determinations, you 

may conduct an engineering assess-

ment to calculate uncontrolled emis-

sions. An engineering assessment in-

cludes, but is not limited to, the fol-

lowing: 

(A) Previous test results, provided 

the tests are representative of current 

operating practices of the process. 

(B) Bench-scale or pilot-scale test 

data representative of the process oper-

ating conditions. 

(C) Maximum flow rate, fluorinated 

GHG emission rate, concentration, or 

other relevant parameters specified or 

implied within a permit limit applica-

ble to the process vent. 

(D) Design analysis based on chem-

ical engineering principles, 

measureable process parameters, or 

physical or chemical laws or prop-

erties. 

(iii) Impact of destruction for the pre-
liminary estimate. If the process vent is 

vented to a destruction device, you 

may reflect the impact of the destruc-

tion device on emissions. In your emis-

sions estimate, account for the fol-

lowing: 

(A) The destruction efficiencies of 

the device that have been dem-

onstrated for the fluorinated GHGs in 

the vent stream for periods when the 

process vent is vented to the destruc-

tion device. 

(B) Any periods when the process 

vent is not vented to the destruction 

device. 

(iv) Use of typical recent values. In the 

calculations in paragraphs (c)(1)(i), 

(c)(1)(ii), and (c)(1)(iii) of this section, 
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the values used for the expected proc-

ess activity and for the expected frac-

tion of that activity whose emissions 

will be vented to the properly func-

tioning destruction device must be 

based on either typical recent values 

for the process or values that would 

overestimate emissions from the proc-

ess, unless there is a compelling reason 

to adopt a different value (e.g., instal-

lation of a destruction device for a pre-

viously uncontrolled process). If there 

is such a reason, it must be docu-

mented in the GHG Monitoring Plan. 

(v) GWPs. To convert the fluorinated 

GHG emissions to CO2e, use Equation 

A–1 of § 98.2. For fluorinated GHGs 

whose GWPs are not listed in Table A– 

1 to subpart A of this part, use a de-

fault GWP of 2,000 unless you submit a 

request to use other GWPs for those 

fluorinated GHGs in that process under 

paragraph (c)(1)(vi) of this section and 

we approve that request. 

(vi) Request to use a GWP other than 
2,000 for fluorinated GHGs whose GWPs 
are not listed in Table A–1 to subpart A of 
this part. If your process vent emits one 

or more fluorinated GHGs whose GWPs 

are not listed in Table A–1 to subpart A 

of this part, that are emitted in quan-

tities that, with a default GWP of 2,000, 

result in total calculated annual emis-

sions equal to or greater than 10,000 

metric tons CO2e for the vent, and that 

you believe have GWPs that would re-

sult in total calculated annual emis-

sions less than 10,000 metric tons CO2e 

for the vent, you may submit a request 

to use provisional GWPs for these 

fluorinated GHGs for purposes of the 

calculations in paragraph (c)(1) of this 

section. The request must be submitted 

by February 28, 2011 for a completeness 

determination and review by EPA. 

(A) Contents of the request. You must 

include the following information in 

the request for each fluorinated GHG 

that does not have a GWP listed in 

Table A–1 to subpart A of this part and 

that constitutes more than one percent 

by mass of the stream emitted from 

the vent: 

(1) The identity of the fluorinated 

GHG, including its chemical formula 

and, if available, CAS number. 

(2) The estimated GWP of the 

fluorinated GHG. 

(3) The data and analysis that sup-

ports your estimate of the GWP of the 

fluorinated GHG, including: 

(i) Data and analysis related to the 

low-pressure gas phase infrared absorp-

tion spectrum of the fluorinated GHG. 

(ii) Data and analysis related to the 

estimated atmospheric lifetime of the 

fluorinated GHG (reaction mechanisms 

and rates, including e.g., photolysis 

and reaction with atmospheric compo-

nents such as OH, O3, CO, and water). 

(iii) The radiative transfer analysis 

that integrates the lifetime and infra-

red absorption spectrum data to cal-

culate the GWP. 

(iv) Any published or unpublished 

studies of the GWP of the gas. 

(4) The engineering calculations or 

assessments and underlying data that 

demonstrate that the process vent is 

calculated to emit less than 10,000 met-

ric tons CO2e of this and other 

fluorinated GHGs only when the pro-

posed provisional GWPs, not the de-

fault GWP of 2,000, are used for 

fluorinated GHGs whose GWPs are not 

listed in Table A–1 to subpart A of this 

part. 

(B) Review and completeness determina-
tion by EPA. If EPA makes a prelimi-

nary determination that the request is 

complete, that it substantiates each of 

the provisional GWPs, and that it dem-

onstrates that the process vent is cal-

culated to emit less than 10,000 metric 

tons CO2e of this and other fluorinated 

GHGs only when the provisional GWPs, 

not the default GWP of 2,000, are used 

for fluorinated GHGs whose GWPs are 

not listed in Table A–1 to subpart A of 

this part, then EPA will publish a no-

tice including the data and analysis 

submitted under paragraphs 

(c)(1)(vi)(A)(1) through (c)(1)(vi)(A)(3) of 

this section. If, after review of public 

comment on the notice, EPA finalizes 

its preliminary determination, then 

EPA will permit the facility to use the 

provisional GWPs for the calculations 

in paragraph (c)(1) of this section un-

less and until EPA determines that one 

or more of the provisional GWPs is in 

error and provides reasonable notice to 

the facility. 

(2) Method selection for continuous 
process vents. 

(i) If the calculations under para-

graph (c)(1) of this section, as well as 

VerDate Mar<15>2010 09:39 Sep 24, 2012 Jkt 226167 PO 00000 Frm 00707 Fmt 8010 Sfmt 8002 Y:\SGML\226167.XXX 226167er
ow

e 
on

 D
S

K
2V

P
T

V
N

1P
R

O
D

 w
ith

 



698 

40 CFR Ch. I (7–1–12 Edition) § 98.123 

any subsequent measurements and cal-

culations under this subpart, indicate 

that the continuous process vent has 

fluorinated GHG emissions of less than 

10,000 metric ton CO2e per year, 

summed across all operating scenarios, 

then you may comply with either para-

graph (c)(3) of this section (Emission 

Factor approach) or paragraph (c)(4) of 

this section (Emission Calculation Fac-

tor approach). 

(ii) If the continuous process vent 

does not meet the criteria in paragraph 

(c)(2)(i) of this section, then you must 

comply with the emission factor meth-

od specified in paragraph (c)(3) (Emis-

sion Factor approach) of this section. 

(A) You must conduct emission test-

ing for process-vent-specific emission 

factor development before the destruc-

tion device unless the calculations you 

performed under paragraph (c)(1)(iii) of 

this section indicate that the uncon-

trolled fluorinated GHG emissions that 

occur during periods when the process 

vent is not vented to the properly func-

tioning destruction device are less than 

10,000 metric tons CO2e per year. In this 

case, you may conduct emission test-

ing after the destruction device to de-

velop a process-vent-specific emission 

factor. If you do so, you must develop 

and apply an emission calculation fac-

tor under paragraph (c)(4) to estimate 

emissions during any periods when the 

process vent is not vented to the prop-

erly functioning destruction device. 

(B) Regardless of the level of uncon-

trolled emissions, the emission testing 

for process-vent-specific emission fac-

tor development may be conducted on 

the outlet side of a wet scrubber in 

place for acid gas reduction, if one is in 

place, as long as there is no appreciable 

reduction in the fluorinated GHG. 

(3) Process-vent-specific emission factor 
method. For each process vent, conduct 

an emission test and measure 

fluorinated GHG emissions from the 

process and measure the process activ-

ity, such as the feed rate, production 

rate, or other process activity rate, 

during the test as described in this 

paragraph (c)(3). Conduct the emission 

test according to the procedures in 

§ 98.124. All emissions test data and pro-

cedures used in developing emission 

factors must be documented according 

to § 98.127. If more than one operating 

scenario applies to the process that 

contains the subject process vent, you 

must comply with either paragraph 

(3)(i) or paragraph (3)(ii) of this sec-

tion. 

(i) Conduct a separate emissions test 

for operation under each operating sce-

nario. 

(ii) Conduct an emissions test for the 

operating scenario that is expected to 

have the largest emissions in terms of 

CO2e (considering both activity levels 

and emission calculation factors) on an 

annual basis. Also conduct an emis-

sions test for each additional operating 

scenario that is estimated to emit 

10,000 metric tons CO2e or more annu-

ally from the vent and whose emission 

calculation factor differs by 15 percent 

or more from the emission calculation 

factor of the operating scenario that is 

expected to have the largest emissions 

(or of another operating scenario for 

which emission testing is performed), 

unless the difference between the oper-

ating scenarios is solely due to the ap-

plication of a destruction device to 

emissions under one of the operating 

scenarios. For any other operating sce-

narios, adjust the process-vent specific 

emission factor developed for the oper-

ating scenario that is expected to have 

the largest emissions (or for another 

operating scenario for which emission 

testing is performed) using the ap-

proach in paragraph (c)(3)(viii) of this 

section. 

(iii) You must measure the process 

activity, such as the process feed rate, 

process production rate, or other proc-

ess activity rate, as applicable, during 

the emission test and calculate the 

rate for the test period, in kg (or an-

other appropriate metric) per hour. 

(iv) For continuous processes, you 

must calculate the hourly emission 

rate of each fluorinated GHG using 

Equation L–19 of this section and de-

termine the hourly emission rate of 

each fluorinated GHG per process vent 

(and per operating scenario, as applica-

ble) for the test run. 
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where: 

EContPV = Mass of fluorinated GHG f emitted 

from process vent v from process i, oper-

ating scenario j, during the emission test 

during test run r (kg/hr). 

CPV = Concentration of fluorinated GHG f 

during test run r of the emission test 

(ppmv). 

MW = Molecular weight of fluorinated GHG f 

(g/g-mole). 

QPV = Flow rate of the process vent stream 

during test run r of the emission test (m3/ 

min). 

SV = Standard molar volume of gas (0.0240 

m3/g-mole at 68 °F and 1 atm). 

1/103 = Conversion factor (1 kilogram/1,000 

grams). 

60/1 = Conversion factor (60 minutes/1 hour). 

(v) You must calculate a site-spe-

cific, process-vent-specific emission 

factor for each fluorinated GHG for 

each process vent and each operating 

scenario, in kg of fluorinated GHG per 

process activity rate (e.g., kg of feed or 

production), as applicable, using Equa-

tion L–20 of this section. For contin-

uous processes, divide the hourly 

fluorinated GHG emission rate during 

the test by the hourly process activity 

rate during the test runs. 

where: 

EFPV = Emission factor for fluorinated GHG 

f emitted from process vent v during 

process i, operating scenario j (e.g., kg 

emitted/kg activity). 

EPV = Mass of fluorinated GHG f emitted 

from process vent v from process i, oper-

ating scenario j, during the emission test 

during test run r, for either continuous 

or batch (kg emitted/hr for continuous, 

kg emitted/batch for batch). 

ActivityEmissionTest = Process feed, process pro-

duction, or other process activity rate 

for process i, operating scenario j, during 

the emission test during test run r (e.g., 

kg product/hr). 

r = Number of test runs performed during the 

emission test. 

(vi) If you conducted emissions test-

ing after the destruction device, you 

must calculate the emissions of each 

fluorinated GHG for the process vent 

(and operating scenario, as applicable) 

using Equation L–21 of this section. 

You must also develop a process-vent- 

specific emission calculation factor 

based on paragraph (c)(4) of this sec-

tion for the periods when the process 

vent is not venting to the destruction 

device. 

where: 

EPV = Mass of fluorinated GHG f emitted 

from process vent v from process i, oper-

ating scenario j, for the year (kg). 

EFPV–C = Emission factor for fluorinated 

GHG f emitted from process vent v dur-

ing process i, operating scenario j, based 

on testing after the destruction device 

(kg emitted/activity) (e.g., kg emitted/kg 

product). 

ActivityC = Total process feed, process pro-

duction, or other process activity for 

process i, operating scenario j, during the 

year for which emissions are vented to 

the properly functioning destruction de-

vice (i.e., controlled). 
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ECFPV–U = Emission calculation factor for 

fluorinated GHG f emitted from process 

vent v during process i, operating sce-

nario j during periods when the process 

vent is not vented to the properly func-

tioning destruction device (kg emitted/ 

activity) (e.g., kg emitted/kg product). 

ActivityU = Total process feed, process pro-

duction, or other process activity during 

the year for which the process vent is not 

vented to the properly functioning de-

struction device (e.g., kg product). 

(vii) If you conducted emissions test-

ing before the destruction device, apply 

the destruction efficiencies of the de-

vice that have been demonstrated for 

the fluorinated GHGs in the vent 

stream to the fluorinated GHG emis-

sions for the process vent (and oper-

ating scenario, as applicable), using 

Equation L–22 of this section. You may 

apply the destruction efficiency only 

to the portion of the process activity 

during which emissions are vented to 

the properly functioning destruction 

device (i.e., controlled). 

where: 

EPV = Mass of fluorinated GHG f emitted 

from process vent v from process i, oper-

ating scenario j, for the year, considering 

destruction efficiency (kg). 

EFPV–U = Emission factor (uncontrolled) for 

fluorinated GHG f emitted from process 

vent v during process i, operating sce-

nario j (kg emitted/kg product). 

ActivityU = Total process feed, process pro-

duction, or other process activity for 

process i, operating scenario j, during the 

year for which the process vent is not 

vented to the properly functioning de-

struction device (e.g., kg product). 

ActivityC = Total process feed, process pro-

duction, or other process activity for 

process i, operating scenario j, during the 

year for which the process vent is vented 

to the properly functioning destruction 

device (e.g., kg product). 

DE = Demonstrated destruction efficiency of 

the destruction device (weight fraction). 

(viii) Adjusted process-vent-specific 
emission factors for other operating sce-
narios. For process vents from proc-

esses with multiple operating sce-

narios, use Equation L–23 of this sec-

tion to develop an adjusted process- 

vent-specific emission factor for each 

operating scenario from which the vent 

is estimated to emit less than 10,000 

metric tons CO2e annually or whose 

emission calculation factor differs by 

less than 15 percent from the emission 

calculation factor of the operating sce-

nario that is expected to have the larg-

est emissions (or of another operating 

scenario for which emission testing is 

performed). 

where: 

EFPVadj = Adjusted process-vent-specific 

emission factor for an untested operating 

scenario. 

ECFUT = Emission calculation factor for the 

untested operating scenario developed 

under paragraph (c)(4) of this section. 

ECFT = Emission calculation for the tested 

operating scenario developed under para-

graph (c)(4) of this section. 

EFPV = Process vent specific emission factor 

for the tested operating scenario. 

(ix) Sum the emissions of each 

fluorinated GHG from all process vents 

in each operating scenario and all oper-

ating scenarios in the process for the 

year to estimate the total process vent 

emissions of each fluorinated GHG 

from the process, using Equation L–24 

of this section. 
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where: 

EPfi = Mass of fluorinated GHG f emitted 

from process vents for process i for the 

year (kg). 

EPV = Mass of fluorinated GHG f emitted 

from process vent v from process i, oper-

ating scenario j, for the year, considering 

destruction efficiency (kg). 

v = Number of process vents in process i, op-

erating scenario j. 

o = Number of operating scenarios for proc-

ess i. 

(4) Process-vent-specific emission cal-
culation factor method. For each process 

vent within an operating scenario, de-

termine fluorinated GHG emissions by 

calculations and determine the process 

activity rate, such as the feed rate, 

production rate, or other process activ-

ity rate, associated with the emission 

rate. 

(i) You must calculate uncontrolled 

emissions of fluorinated GHG by indi-

vidual process vent, EPV, by using 

measurements, by using calculations 

based on chemical engineering prin-

ciples and chemical property data, or 

by conducting an engineering assess-

ment. Use the procedures in paragraphs 

(c)(1)(i) or (ii) of this section, except 

paragraph (c)(1)(ii)(C) of this section. 

The procedures in paragraphs (c)(1)(i) 

and (ii) of this section may be applied 

either to batch process vents or to con-

tinuous process vents. The uncon-

trolled emissions must be based on a 

typical batch or production rate under 

a defined operating scenario. The proc-

ess activity rate associated with the 

uncontrolled emissions must be deter-

mined. The methods, data, and assump-

tions used to estimate emissions for 

each operating scenario must be se-

lected to yield a best estimate (ex-

pected value) of emissions rather than 

an over- or underestimate of emissions 

for that operating scenario. All data, 

assumptions, and procedures used in 

the calculations or engineering assess-

ment must be documented according to 

§ 98.127. 

(ii) You must calculate a site-spe-

cific, process-vent-specific emission 

calculation factor for each process 

vent, each operating scenario, and each 

fluorinated GHG, in kg of fluorinated 

GHG per activity rate (e.g., kg of feed 

or production) as applicable, using 

Equation L–25 of this section. 

where: 

ECFPV = Emission calculation factor for 

fluorinated GHG f emitted from process 

vent v during process i, operating sce-

nario j, (e.g., kg emitted/kg product). 

EPV = Average mass of fluorinated GHG f 

emitted, based on calculations, from 

process vent v from process i, operating 

scenario j, during the period or batch for 

which emissions were calculated, for ei-

ther continuous or batch (kg emitted/hr 

for continuous, kg emitted/batch for 

batch). 

ActivityRepresentative = Process feed, process pro-

duction, or other process activity rate 

corresponding to average mass of emis-

sions based on calculations (e.g., kg prod-

uct/hr for continuous, kg product/batch 

for batch). 

(iii) You must calculate emissions of 

each fluorinated GHG for the process 

vent (and operating scenario, as appli-

cable) for the year by multiplying the 

process-vent-specific emission calcula-

tion factor by the total process activ-

ity, as applicable, for the year, using 

Equation L–26 of this section. 
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where: 

EPV = Mass of fluorinated GHG f emitted 

from process vent v from process i, oper-

ating scenario j, for the year (kg). 

ECFPV = Emission calculation factor for 

fluorinated GHG f emitted from process 

vent v during process i, operating sce-

nario j, (kg emitted/activity) (e.g., kg 

emitted/kg product). 

Activity = Process feed, process production, 

or other process activity for process i, 

operating scenario j, during the year. 

(iv) If the process vent is vented to a 

destruction device, apply the dem-

onstrated destruction efficiency of the 

device to the fluorinated GHG emis-

sions for the process vent (and oper-

ating scenario, as applicable), using 

Equation L–27 of this section. Apply 

the destruction efficiency only to the 

portion of the process activity that is 

vented to the properly functioning de-

struction device (i.e., controlled). 

where: 

EPV = Mass of fluorinated GHG f emitted 

from process vent v from process i, oper-

ating scenario j, for the year considering 

destruction efficiency (kg). 

ECFPV = Emission calculation factor for 

fluorinated GHG f emitted from process 

vent v during process i, operating sce-

nario j, (e.g., kg emitted/kg product). 

ActivityU = Total process feed, process pro-

duction, or other process activity for 

process i, operating scenario j, during the 

year for which the process vent is not 

vented to the properly functioning de-

struction device (e.g., kg product). 

ActivityC = Total process feed, process pro-

duction, or other process activity for 

process i, operating scenario j, during the 

year for which the process vent is vented 

to the properly functioning destruction 

device (e.g., kg product). 

DE = Demonstrated destruction efficiency of 

the destruction device (weight fraction). 

(v) Sum the emissions of each 

fluorinated GHG from all process vents 

in each operating scenario and all oper-

ating scenarios in the process for the 

year to estimate the total process vent 

emissions of each fluorinated GHG 

from the process, using Equation L–28 

of this section. 

where: 

EPfi = Mass of fluorinated GHG f emitted 

from process vents for process i for the 

year (kg). 

EPV = Mass of fluorinated GHG f emitted 

from process vent v from process i, oper-

ating scenario j, for the year, considering 

destruction efficiency (kg). 

v = Number of process vents in process i, op-

erating scenario j. 

o = Number of operating scenarios in process 

i. 

(d) Calculate fluorinated GHG emissions 
for equipment leaks (EL). If you comply 

with paragraph (c) of this section, you 

must calculate the fluorinated GHG 

emissions from pieces of equipment as-

sociated with processes covered under 

this subpart and in fluorinated GHG 

service. If you conduct monitoring of 

equipment in fluorinated GHG service, 

monitoring must be conducted for 

those in light liquid and in gas and 

vapor service. If you conduct moni-

toring of equipment in fluorinated 

GHG service, you may exclude from 

monitoring each piece of equipment 

that is difficult-to-monitor, that is un-

safe-to-monitor, that is insulated, or 

that is in heavy liquid service; you 

may exclude from monitoring each 
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pump with dual mechanical seals, agi-

tator with dual mechanical seals, pump 

with no external shaft, agitator with 

no external shaft; you may exclude 

from monitoring each pressure relief 

device in gas and vapor service with 

upstream rupture disk, each sampling 

connection system with closed-loop or 

closed-purge systems, and any pieces of 

equipment where leaks are routed 

through a closed vent system to a de-

struction device. You must estimate 

emissions using another approach for 

those pieces of equipment excluded 

from monitoring. Equipment that is in 

fluorinated GHG service for less than 

300 hr/yr; equipment that is in vacuum 

service; pressure relief devices that are 

in light liquid service; and instrumen-

tation systems are exempted from 

these requirements. 

(1) The emissions from equipment 

leaks must be calculated using any of 

the procedures in paragraphs (d)(1)(i), 

(d)(1)(ii), (d)(1)(iii), or (d)(1)(iv) of this 

section. 

(i) Use of Average Emission Factor Ap-
proach in EPA Protocol for Equipment 
Leak Emission Estimates. The emissions 

from equipment leaks may be cal-

culated using the default Average 

Emission Factor Approach in EPA–453/ 

R–95–017 (incorporated by reference, see 

§ 98.7). 

(ii) Use of Other Approaches in EPA 
Protocol for Equipment Leak Emission Es-
timates in conjunction with EPA Method 
21 at 40 CFR part 60, appendix A–7. The 

emissions from equipment leaks may 

be calculated using one of the fol-

lowing methods in EPA–453/R–95–017 

(incorporated by reference, see § 98.7): 

The Screening Ranges Approach; the 

EPA Correlation Approach; or the 

Unit-Specific Correlation Approach. If 

you determine that EPA Method 21 at 

40 CFR part 60, appendix A–7 is appro-

priate for monitoring a fluorinated 

GHG, and if you calibrate your instru-

ment with a compound different from 

one or more of the fluorinated GHGs or 

surrogates to be measured, you must 

develop response factors for each 

fluorinated GHG or for each surrogate 

to be measured using EPA Method 21 at 

40 CFR part 60, appendix A–7. For each 

fluorinated GHG or surrogate meas-

ured, the response factor must be less 

than 10. The response factor is the 

ratio of the known concentration of a 

fluorinated GHG or surrogate to the 

observed meter reading when measured 

using an instrument calibrated with 

the reference compound. 

(iii) Use of Other Approaches in EPA 
Protocol for Equipment Leak Emission Es-
timates in conjunction with site-specific 
leak monitoring methods. The emissions 

from equipment leaks may be cal-

culated using one of the following 

methods in EPA–453/R–95–017 (incor-

porated by reference, see § 98.7): The 

Screening Ranges Approach; the EPA 

Correlation Approach; or the Unit-Spe-

cific Correlation Approach. You may 

develop a site-specific leak monitoring 

method appropriate for monitoring 

fluorinated GHGs or surrogates to use 

along with these three approaches. The 

site-specific leak monitoring method 

must meet the requirements in 

§ 98.124(f)(1). 

(iv) Use of site-specific leak monitoring 
methods. The emissions from equipment 

leaks may be calculated using a site- 

specific leak monitoring method. The 

site-specific leak monitoring method 

must meet the requirements in 

§ 98.124(f)(1). 

(2) You must collect information on 

the number of each type of equipment; 

the service of each piece of equipment 

(gas, light liquid, heavy liquid); the 

concentration of each fluorinated GHG 

in the stream; and the time period each 

piece of equipment was in service. De-

pending on which approach you follow, 

you may be required to collect infor-

mation for equipment on the associ-

ated screening data concentrations for 

greater than or equal to 10,000 ppmv 

and associated screening data con-

centrations for less than 10,000 ppmv; 

associated actual screening data con-

centrations; or associated screening 

data and leak rate data (i.e., bagging) 

used to develop a unit-specific correla-

tion. 

(3) Calculate and sum the emissions 

of each fluorinated GHG in metric tons 

per year for equipment pieces for each 

process, EELf, annually. You must in-

clude and estimate emissions for types 

of equipment that are excluded from 

monitoring, including difficult-to-mon-

itor, unsafe-to-monitor and insulated 

pieces of equipment, pieces of equip-

ment in heavy liquid service, pumps 
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with dual mechanical seals, agitators 

with dual mechanical seals, pumps 

with no external shaft, agitators with 

no external shaft, pressure relief de-

vices in gas and vapor service with up-

stream rupture disk, sampling connec-

tion systems with closed-loop or closed 

purge systems, and pieces of equipment 

where leaks are routed through a 

closed vent system to a destruction de-

vice. 

(e) Calculate total fluorinated GHG 
emissions for each process and for produc-
tion or transformation processes at the fa-
cility. 

(i) Estimate annually the total mass 

of each fluorinated GHG emitted from 

each process, including emissions from 

process vents in paragraphs (c)(3) and 

(c)(4) of this section, as appropriate, 

and from equipment leaks in paragraph 

(d), using Equation L–29 of this section. 

where: 

Ei = Total mass of each fluorinated GHG f 

emitted from process i, annual basis (kg/ 

year). 

EPfi = Mass of fluorinated GHG f emitted 

from all process vents and all operating 

scenarios in process i, annually (kg/year, 

calculated in Equation L–24 or L–28 of 

this section, as appropriate). 

EELfi = Mass of fluorinated GHG f emitted 

from equipment leaks for pieces of equip-

ment for process i, annually (kg/year, 

calculated in paragraph (d)(3) of this sec-

tion). 

(ii) Estimate annually the total mass 

of each fluorinated GHG emitted from 

each type of production or trans-

formation process at the facility using 

Equation L–30 of this section. Develop 

separate totals for fluorinated gas pro-

duction processes, transformation 

processes that transform fluorinated 

gases produced at the facility, and 

transformation processes that trans-

form fluorinated gases produced at an-

other facility. 

where: 

E = Total mass of each fluorinated GHG f 

emitted from all fluorinated gas produc-

tion processes, all transformation proc-

esses that transform fluorinated gases 

produced at the facility, or all trans-

formation processes that transform 

fluorinated gases produced at another fa-

cility, as appropriate (metric tons). 

Ei = Total mass of each fluorinated GHG f 

emitted from each production or trans-

formation process, annual basis (kg/year, 

calculated in Equation L–29 of this sec-

tion). 

0.001 = Conversion factor from kg to metric 

tons. 

z = Total number of fluorinated gas produc-

tion processes, fluorinated gas trans-

formation processes that transform 

fluorinated gases produced at the facil-

ity, or transformation processes that 

transform fluorinated gases produced at 

another facility, as appropriate. 

(f) Calculate fluorinated GHG emissions 
from destruction of fluorinated GHGs that 
were previously ‘‘produced’’. Estimate 

annually the total mass of fluorinated 

GHGs emitted from destruction of 

fluorinated GHGs that were previously 

‘‘produced’’ as defined at § 98.410(b) 

using Equation L–31 of this section: 
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where: 

ED = The mass of fluorinated GHGs emitted 

annually from destruction of fluorinated 

GHGs that were previously ‘‘produced’’ 

as defined at § 98.410(b) (metric tons). 

RED = The mass of fluorinated GHGs that 

were previously ‘‘produced’’ as defined at 

§ 98.410(b) and that are fed annually into 

the destruction device (metric tons). 

DE = Destruction efficiency of the destruc-

tion device (fraction). 

(g) Emissions from venting of residual 
fluorinated GHGs in containers. If you 

vent residual fluorinated GHGs from 

containers, you must either measure 

the residual fluorinated GHGs vented 

from each container or develop a heel 

factor for each combination of 

fluorinated GHG, container size, and 

container type that you vent. You do 

not need to estimate de minimis emis-

sions associated with good-faith at-

tempts to recycle or recover residual 

fluorinated GHGs in or from con-

tainers. 

(1) Measuring contents of each con-
tainer. If you weigh or otherwise meas-

ure the contents of each container be-

fore venting the residual fluorinated 

GHGs, use Equation L–32 of this sec-

tion to calculate annual emissions of 

each fluorinated GHG from venting of 

residual fluorinated GHG from con-

tainers. Convert pressures to masses as 

directed in paragraph (g)(2)(ii) of this 

section. 

where: 

ECf = Total mass of each fluorinated GHG f 

emitted from the facility through vent-

ing of residual fluorinated GHG from 

containers, annual basis (kg/year). 

HBfj = Mass of residual fluorinated GHG f in 

container j when received by facility. 

HEfj = Mass of residual fluorinated GHG f in 

container j after evacuation by facility. 

(Facility may equate to zero.) 

n = Number of vented containers for each 

fluorinated GHG f. 

(2) Developing and applying heel fac-
tors. If you use heel factors to estimate 

emissions of residual fluorinated GHGs 

vented from containers, you must an-

nually develop these factors based on 

representative samples of the con-

tainers received by your facility from 

fluorinated GHG users. 

(i) Sample size. For each combination 

of fluorinated GHG, container size, and 

container type that you vent, select a 

representative sample of containers 

that reflects the full range of quan-

tities of residual gas returned in that 

container size and type. This sample 

must reflect the full range of the indus-

tries and a broad range of the cus-

tomers that use and return the 

fluorinated GHG, container size, and 

container type. The minimum sample 

size for each combination of 

fluorinated GHG, container size, and 

container type must be 30, unless this 

is greater than the number of con-

tainers returned within that combina-

tion annually, in which case the con-

tents of every container returned must 

be measured. 

(ii) Measurement of residual gas. The 

residual weight or pressure you use for 

paragraph (g)(1) of this section must be 

determined by monitoring the mass or 

the pressure of your cylinders/con-

tainers according to § 98.124(k). If you 

monitor the pressure, convert the pres-

sure to mass using the ideal gas law, as 

displayed in Equation L–33 of this sec-

tion, with an appropriately selected Z 

value. 

where: 

p = Absolute pressure of the gas (Pa) 

V = Volume of the gas (m3) 

Z = Compressibility factor 
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n = Amount of substance of the gas (moles) 

R = Gas constant (8.314 Joule/Kelvin mole) 

T = Absolute temperature (K) 

(iii) Heel factor calculation. To deter-

mine the heel factor hfj for each com-

bination of fluorinated GHG, container 

size, and container type, use paragraph 

(g)(1) of this section to calculate the 

total heel emissions for each sample 

selected under paragraph (g)(2)(i) of 

this section. Divide this total by the 

number of containers in the sample. 

Divide the result by the full capacity 

(the mass of the contents of a full con-

tainer) of that combination of 

fluorinated GHG, container size, and 

container type. The heel factor is ex-

pressed as a fraction of the full capac-

ity. 

(iv) Calculate annual emissions of 

each fluorinated GHG from venting of 

residual fluorinated GHG from con-

tainers using Equation L–34 of this sec-

tion. 

where: 

ECf = Total mass of each fluorinated GHG f 

emitted from the facility through vent-

ing of residual fluorinated GHG from 

containers, annual basis (kg/year). 

hfj = Facility-wide gas-specific heel factor for 

fluorinated GHG f (fraction) and con-

tainer size and type j, as determined in 

paragraph (g)(2)(iii) of this section. 

Nfj = Number of containers of size and type j 

returned to the fluorinated gas produc-

tion facility. 

Ffj = Full capacity of containers of size and 

type j containing fluorinated GHG f (kg). 

n = Number of combinations of container 

sizes and types for fluorinated GHG f. 

§ 98.124 Monitoring and QA/QC re-
quirements. 

(a) Initial scoping speciation to identify 
fluorinated GHGs. You must conduct an 

initial scoping speciation to identify 

all fluorinated GHGs that may be gen-

erated from processes that are subject 

to this subpart and that have at least 

one process vent with uncontrolled 

emissions of 1.0 metric ton or more of 

fluorinated GHGs per year based on the 

preliminary estimate of emissions in 

§ 98.123(c)(1). You are not required to 

quantify emissions under this initial 

scoping speciation. Only fluorinated 

GHG products and by-products that 

occur in greater than trace concentra-

tions in at least one stream must be 

identified under this paragraph. 

(1) Procedure. To conduct the scoping 

speciation, select the stream(s) (includ-

ing process streams or destroyed 

streams) or process vent(s) that would 

be expected to individually or collec-

tively contain all of the fluorinated 

GHG by-products of the process at 

their maximum concentrations and 

sample and analyze the contents of 

these selected streams or process 

vents. For example, if fluorinated GHG 

by-products are separated into one low- 

boiling-point and one high-boiling- 

point stream, sample and analyze both 

of these streams. Alternatively, you 

may sample and analyze streams where 

fluorinated GHG by-products occur at 

less than their maximum concentra-

tions, but you must ensure that the 

sensitivity of the analysis is sufficient 

to compensate for the expected dif-

ference in concentration. For example, 

if you sample and analyze streams 

where fluorinated GHG by-products are 

expected to occur at one half their 

maximum concentrations elsewhere in 

the process, you must ensure that the 

sensitivity of the analysis is sufficient 

to detect fluorinated GHG by-products 

that occur at concentrations of 0.05 

percent or higher. You do not have to 

sample and analyze every stream or 

process vent, i.e., you do not have to 

sample and analyze a stream or process 

vent that contains only fluorinated 

GHGs that are contained in other 

streams or process vents that are being 

sampled and analyzed. Sampling and 

analysis must be conducted according 

to the procedures in paragraph (e) of 

this section. 

(2) Previous measurements. If you have 

conducted testing of streams (includ-

ing process streams or destroyed 
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